With the progress of integrated technology, the feature size of experimental electron devices have already been scaled down deeply into the sub-0.1 lam region. For such ultra-small devices, it is increasingly important to take quantum mechanical effects into account for device simulation. In this paper, we present a new approach for quantum modeling, applicable to multi-dimensional ultra-small device simulation. In this work, the quantum effects are represented in terms of quantum mechanically corrected potential in the classical Boltzmann equation. We apply the Monte Carlo method to solve the quantum transport equation, and demonstrate that the quantum effects such as tunneling and quantum confinement effects can be incorporated in the standard Monte Carlo techniques.
INTRODUCTION
With the remarkable progress of integrated technology, an oxide thickness of less than 1.5 nm is needed in MOS devices, where direct tunneling occurs increasing gate leakage current. Another issue is the loss of inversion charge and transconductance due to the quantization of carriers in the channel as well as poly-Si gate depletion. Deep scaling is also expected to bring new effects such as current enhancement due to tunneling through the source/drain barrier. From the device modeling point of view, high-end physical simulations such as particle Monte Carlo solution of the Boltzmann transport equation (BTE) have become more and more important to understand nonequilibrium and hot carrier phenomena and to calibrate models at lower levels in the hierarchy such as drift-diffusion approach [1] . However [2] . (4) with 7i =/3h2/mi (i-x,y). It should be noted that the driving forces are modified so that the particles evolve under the enforcement by the classical builtin potential U plus the quantum-corrected potentials involved with the second derivatives of the potential.
When the classical potential has a discontinuity, for example at potential barriers, then an intensely peaked function will appear on the quantum forces of Eqs. (3) and (4 Incidentally, in the classical simulation without means that the particles are distributed away from quantum corrections (not shown here), as one the left barrier interface, and no electrons exist would expect particles exist at the bottom of the under a certain energy due to the quantized potential well and only the thermally excited subband formation. By comparing the two figures electrons over the barrier height were found in we notice the two major improvements in the barrier region [4] . Consequently, the most Figure l( We are also working to extend our method to 2-D Monte Carlo simulation for ultra-small MOSFETs. Figure 2 shows a preliminary example, with the computed electron density distributions at the Si/SiO2 interface of a 25 nm-channel MOSFET. Here, (a) corresponds to the classical Monte Carlo simulation and (b) to the quantum-corrected Monte Carlo simulation with the conventional quantum potential (7). One can see that the classically simulated carriers are positioned very close to the interface in the channel as shown in Figure 2 (a). On the other hand, the carriers in the quantum-corrected simulation are traveling with a certain average displacement from the interface, due to the quantum confinement effects as shown in Figure 2(b) . These preliminary results indicate that our model should be applicable to practical multi-dimensional simulation. A final remark is that the full band structure of crystals can also be included in our model [4] . Thus 
